Studies of marginal zinc deprivation in rhesus monkeys. I. Influence on pregnant dams13
Man S Golub, 4 M Eric Gershwin, 5 Lucille 
Diets and feeding
The composition of the diet was based on previous studies which showed that similar diets supported normal growth and reproduction in rhesus monkeys ( I 5, 16) Care was taken to avoid exposure of the blood to light during venipuncture and thereafter. After centrifugation, plasma was kept frozen at -70#{176}C for up to 2 months before analysis. To confirm stability, 
Results

Zinc deficiency syndrome
No overt signs of zinc deficiency were recorded in the zinc-deprived monkeys during the first half of pregnancy.
However (Fig 1) . As discussed below, the degree of anorexia was an important factor in the clinical response to zinc deficiency.
In particular, average plasma zinc levels during pregnancy were less severely depressed in anorexic animals (80 ± 8 j g/ 100 ml) than in nonanorexic (64 ± 5 /2g/i00 ml), presumably due to release of zinc into the circulation during weight loss and tissue catabolism (Fig 3) . Anorexia in zinc deficiency was not attributable to age, initial body weight, or parity; these parameters were similar in anorexic and nonanorexic monkeys.
Nutritional status
Plasma zinc levels began to decrease in all animals at midgestation, but were markedly lower in zinc-deficient monkeys than in controls at the 3rd trimester sampling point (F = 9.48, p < 0.006) and after delivery (F = 14.74, p < 0.0001) (Fig 2) . In addition, amniotic fluid zinc was lower in zinc-deficient animals than in controls at day 100 of gestation (F = 8.60, p < 0.02). Plasma copper concentration rose above the prepregnancy level in early pregnancy in all groups and continued to increase throughout pregnancy as previously noted in humans (32) (Fig 4) In addition, Howell-Jolly bodies were common, as illustrated in Figure 7 . During pregnancy, the white blood cell count (WBC) was elevated above the prepregnancy range in both ad libitum-fed (AL) and zinc-deficient (ZD) monkeys (prepregnancy: AL = 7.2 ± 0.7 x l0 WBC; ZD = 9.3 ± 2.9 x l0 WBC; 90 days; AL = 13.3 ± 1.3 x i0 WBC, ZD = 12.2 ± 2.2 x l0 WBC).
This range as compared to 26% of control animals (x2 = 7.82, p <0.01). Analysisof the differentialcount showed a gradual increase in the ratio of neutrophils to lymphocytes during pregnancy, as seen in hu- mans. This was due both to a rise in neutrophils and a sharp drop in lymphocytes near term. All diet groups showed the same pattern of changes. Neutrophilia has previously been described in zinc-deficient mice and rats (41, 42).
Protein
The total serum protein level declined during pregnancy but remained in the same range for all diet groups (Table  5 ). The albumin/globulin ratio, which also decreased during pregnancy, was significantly lower in the zinc deficient than in the control groups at 135 days of gestation (F = 7.25, df 1, 27, p < 0.025).
The low values were due in part to both elevated globulin and depressed albumin;
five of 15 zinc-deficient monkeys had very low ratios (0.5 or less) during the 3rd trimester and postdelivery. 
